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Dennis S. Greywall, bang duly sworn, deposes and states: 

1. I am the sole mventor of the claimed subject matter in the Patent Application identified above and 
an inventor of the subject matter described therein. 
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2. Prior to February 23, 2000, 1 conceived of a sruitter-type, microdectm-mechamcal systems 
(MEMS) device and army, as covered by the above-identified Patent Application, as evidenced by the 
foltowing: 

a. Notation, of the conception were stated P nor to February 23, 2000. These notation are 
reflected an invent men^dum, which is kept *n the regular course of business. A true and correct 
copy of this invention me*^um * attached hereto as Exhibit, A and B. Any date, omi«ed fiom 
Exhfljist A and Bare prior to February 23, 2000. 

b Afler the conception of the invention. ! evaluated actional theoretical array and design 
outlays consistent with arrf^^ ^subsequent filing 

of the above referenced Patent Application in the United States Patent and Trademark Office, which was 
diligently prepared and filed with the USPTO on November 18. 2000. 

3. I declare further that ill statements made herein of my own knowledge are true and that all 
statements made on information andbrtofarebeiievedwbetnwand further that these statements were 
made with the knowledge that willful fake staternents ard ^ 
fapfcon* or both, under Section 1001 of Tide ^ 

statement may jeopardize the validity of the Ap^cation or any patent issumgjhereon. 
Sworn to and subscribed before xoe this 




Sworn to and subscribed before xoe this 
<2mA day «tyVff***J&L , 2003- 



PAGE 5» 1 RCVD AT 12/2Q003 3:44:01 PM [Eastern Standard Time]" SVR:USPTO<EFXRF-1fO * DM729306 ' CSID:972 480 8865* DURATION (mm*s):0M8 



12/02/2003 ' 14:43 HITT GAINES, PC ■» 17038729306 NO. 472 D006 

. DEC-Dt-33 13:40 Fr-:8ELL LABS RESEARCH 9»B58JB 2 28 T-S15 P Z*M Job-256 



SUSAN A. SCHUCHASD 
NOTARY PUBLIC 
STATE OF NEW JERSEY 
MY COMMISSION EXPIRES JUNE 5 P 2008 
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EXHIBIT A 



Shutter-Type Optical Switches and Attenuators Constructed 

Using SOI Wafers 

Dennis Greywall 

. s. • 

Simple shutter-type structures can be used to switch or attenuate optical signals. Miniature versions of 
these devices that are most compatible with fiber optics can be fabricated using silicon m.cromachming 
JecTniques. Such devices have been made here at Bell Ubs using the MUMPS process. In this process, etching 
one of several thin (2 micron thick) layers of polysilicon deposited onto a silicon substrate creates the shutter 
plate The plate is rotated about miniature silicon hinges into a position perpendicular to the substrate and 
locked into place with latches to become part of a structure that permits either an in plane or an out-of-plane 
motion. In applications that require light to be reflected from the surface of the plate it is important that the 
plate remain accurately perpendicular to the substrate and that the plate form a very flat reflecting surface. W th 
hinges and latches and with compressive stress in the polysilicon layers these requirements are difficult to 

These notes describe a micromachined device that does not suffer these drawbacks. It is fabricated 



achieve, 



using two-sided DRIE processing of a silicon-on-silicon wafer (nearly stress free) and does not require any self 
assembly. See the figure below. The "mechanical- portion of the device is formed in the top thm layer of the 
SOI wafer and is attached via the oxide to a thin perpendicular shutter plate etched from the thick substrate 
layer If a (1 10) substrate wafer is used, it can be oriented so that the surface of the shutter plate is an atomically 
flat (1 1 1) surface. The size of the plate is limited only by the thickness of the substrate and so can be relatively 
laree (500mjcrons). All shutter plates on a single device (for example in a cross connect type of switch) are 
accurately parallel to each other since each is a section of the same single crystal. When not actuated the enure 
structure lies below the surface of the wafer, making it directly compatible with fiber or free space opt.es. The 
design also permits control of damping to prevent switch ringing. 

The following two pages outline the processing and provide a sample calculation. 




Figure 1. 



PAGE 719 * RCVD AT 12/2/2003 3:44:01 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1IO » DNK:8729306 8 CSID:972 480 8865 ' DURATION (mm-ss):02-18 



12/02/2003 * 14:43 



HITT GAINES. PC -> 17038729306 



NO. 472 (3008 



EXHIBIT B 



Outline of Process Flow 




^ , ?*i f "(/'\' i ':.l 






Actuator 

Top view of SOI wafer showing pattern 
RIE etched down to the (black) oxide layer 



Shutter 

Bottom view of SOI wafer showing pattern 
RIE etched down to (black) oxide layer. 



After the top and bottom silicon layers are 
etched, the faces of the shutter plate are washed 
with a wet etch to clean the (1 1 1) facets. 
The exposed areas of the thin oxide layer are 
then removed, preferably by dry etching. This 
leaves the shutter plate attached to the 
actuator and the actuator free to rotate about 
the torsional members. 



Device 

Side view of device showing shutter plate 
raised by electrostatic force, 
4* lOc^^ 



Figure 2. 



2 

PAGE 8/9 " RCVD AT 12/2/2003 3:44:01 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/0 * DN&8729306 ' CSID:972 480 8865 " DURATION (mm-ss):02-18 



12/02/2003 ' 14:43 



HITT GAINES* PC ■> 17038729306 



NO. 472 D009 



Rotation Angle versus Voltage 

The devices are made from SOI wafers with a top silicon layer of thickness t and a bottom silicon layer 
of thickness t 0 . Using the other length parameters defined in Figure 3 and assuming that d/D } <0X L=2D, and 
w=t> it can be shown that the voltage and the corresponding rotation angle where snap down occurs are given by 

V;~2.6xl0 4 -^ and 9 e - 75.2* J D x . 

In these equations lengths are measured m microns and angles in degrees. Figure 4 shows angle versus voltage 
in reduced units. 



:: ' n •• - ; - " ■ . , £ ■!•.••< > "V ! 



i Di ! 



D 2 




Figure 3 



Figured 



Example: 

If t=2 t t,*200. 01=400, then V f = 1810/ ^4 ^ = 12 - 6 ° • So if ^ =200 > then ^=i2«voto. 
Assuming that the maximum working voltage that would be applied to the device is 0SV £ =U5volts, the 
maximum working rotation angle is 0.556^7", 

If D 2 =80Q, then the outside edge of the shutter is raised a distance of 800 tanT = lOOjMn above the 
surface of the wafer. 
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